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Abstract 
Objective: To perform an in vivo evaluation on the agreement between measurements of working length 
obtained by conventional radiographic examinations and an apex locator in deciduous teeth with or without 
root resorption. Material and Methods: Nine canals of teeth from children ranging from 3 to 5 years old 
were selected. Endodontic access was performed with a spherical diamond tip, the pulp was removed with 
Kerr-type steel files, and the canal was irrigated with 1% sodium hypochlorite. A file, compatible with the 
channel gauge, was then used to measure the length of the root canal with the apex locator. Conventional 
radiographs were also performed and, using a millimeter endodontic ruler, the length of the canal was 
determined. The differences between the measurements obtained between the two methods were analyzed 
using the Student's t-test. Results: The mean canal length for conventional radiography was 9.83 mm and 
9.67 mm for the apex locator. The results of this study did not show significant differences (p=0.641), 
independent of the presence or absence of physiological root resorption. Conclusion: The similarity in 
measurements obtained with X-ray or an apex locator indicates that it is not necessary to use X-rays as a 
complement to obtain the working length. The use of the apex locator can provide a quicker treatment, 
reducing the clinical time and stress of the child. 
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Introduction 
A successful endodontic treatment in deciduous teeth plays a fundamental role in the preservation of 
dentition until the process of physiological exfoliation is completed [1]. In some cases, anatomical variations of 
the root canals, caused by irregularly occurring reabsorption and the behavior of children during care are 
factors that impair the success of endodontic treatments [2-5]. The standard method used to determine 
working length is radiographic examination, which is sometimes difficult to obtain due to the limited access to 
the children's mouths and their behavior [6,7]. 
Determining the length of the canal is an extremely important step for an appropriate conclusion of 
the endodontic treatment, especially in deciduous teeth. The correct establishment of the patent length of the 
canal will ensure that it is properly instrumented and filled with the obturator material, avoiding possible 
damages in the periradicular tissues and in the germ of the permanent tooth [8-12]. 
Radiographic examination presents limitations including overlapping, distortion of the root image and 
associated structures, such as the permanent germ, exposure to radiation, and inherent difficulties of behaviour 
management in the case of pediatric dental patients [13,14]. Although the radiographic examination is still the 
main choice, the apex locator has been presented as a promising method to determine the length of root canals, 
not only in permanent but also in deciduous teeth [15-19]. 
Apex locators were developed to determine the working length of root canals without the need of 
radiation and the first studies on apex locators were published around 1962 [20]. The first and second 
generation of apex locators presented great disadvantages that directly influenced the success rate in the 
determination of working lengths, such as the inability to read in the presence of purulent secretions, pulp 
tissue, irrigators, electrolytes and blood. Third-generation locators met these needs, but they still presented 
significant disadvantages, such as the need of adjustments made for each use and application only in large and 
straight canals. These limitations were overcome with the creation of the fourth-generation apex locators, 
which are used today and provide accurate, painless, quick and easy to operate results, presenting the 
advantage of verifying the presence of irregular resorptions, which are not observed in conventional 
radiographs [15,20,21]. Therefore, apex locators have been gaining popularity and are being used in 
permanent teeth in recent years to estimate working length and increase the precision rates of endodontic 
treatments [22-25]. 
The use of the apex locator has been shown to reduce clinical time, aside from avoiding unnecessary 
exposure to radiation and not causing pain to the patient, which makes its use more favourable for endodontic 
procedures in pediatric dentistry [26-28]. Studies conducted with different types of apex locators have 
evaluated their efficiency in deciduous teeth and have obtained satisfactory results, showing that their use can 
bring advantages to the treatment of deciduous teeth [9,10,16-18,27,28]. 
The objective of this study was thus, to perform an in vivo evaluation on the association between the 
working length obtained by conventional radiographic examinations and by using an apex locator in deciduous 
teeth with or without root resorption. The null hypothesis would be that there is no difference between the 
measurements determined by either methods. 
 
Material and Methods 
Operator Calibration 
An intra-examiner calibration was performed using artificial teeth inserted in irreversible hydrocolloid 
(Jeltrate, Dentsply Maillefer, Ballaigues, Switzerland) to simulate the patient's natural intraoral tissues. 
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Calibration was performed on three teeth over two weeks, and in the first week, conventional radiographs with 
an exposure time of 0.3s were performed to measure the lengths of the canals. After the X-ray processing the 
artificial teeth were opened with a spherical diamond tip number 1014 for placement of the canals. After a 
week, a reassessment of the procedure was performed using the same teeth, and the results were compared 
from one week to the next. A comparison with a gold standard examiner was performed to confirm the results. 
The intra-examiner agreement reached 1.0, and inter-examiner (comparison with the gold standard) reached 
0.97. 
 
Clinical Study 
Six monoradicular deciduous teeth and one deciduous multi-radicular tooth (with three canals) that 
needed endodontic treatment were selected. Patients from the pediatric dentistry clinics at the Newton Paiva 
University Center who needed this type of treatment and who agreed to participate were included in the study.  
Before beginning the endodontic treatment, conventional radiographic examinations were performed 
as a previous diagnostic procedure to determine the measurement of root canal length. The radiographic and 
apex locator measurements were taken by three calibrated examiners. 
 
Measurements by Conventional Radiography 
To obtain the root canal lengths using the radiographic method, conventional radiographs were 
performed with the Spectro 70X X-ray apparatus (Dabi Atlante, Ribeirão Preto, São Paulo, SP, Brazil). 
Radiographic children's films (Insight Infantil IP-01 Periapical Carestream Kodak, Rochester, New York, 
USA) were used with the parallelism technique aided by a positioner to guarantee precision during the 
procedure. After the radiographic examination and x-ray processing, the root canal lengths were measured 
using a millimeter aluminum ruler (Maquira Indústria de Produtos Odontológicos S.A, Maringá, PR, Brazil), 
supported above the radiograph, positioned in a clinical negatoscope. 
 
Measurements by an Apex Locator 
The endodontic apex locator (Gnatus, Ribeirão Preto, SP, Brazil) was used, following the 
manufacturer's guidelines. A stainless-steel labial clip (Endoprime) was inserted, supported between the lip and 
the patient's mucous membrane. A 21mm K-type file (Kendo München e.V., München, Germany) of a diameter 
compatible with the apical diameter of the canal was selected, to avoid errors or the absence of reading in the 
apparatus. After the selected file was attached to the support, it was inserted slowly into the root canal, 
touching the dentinal walls until the instrument sonically and visually confirmed the contact of the tip of the 
instrument with the apical periodontal tissues at the "0.0" mark. Then, the silicone slider was moved carefully 
to the coronary reference point previously established with the aid of a clinical clamp (Golgran Ind. Com. Instr. 
Odontológicos, São Caetano do Sul, SP, Brazil). Soon after, the file was removed from the canal, the distance 
between the slider and the tip of the instrument was recorded by an aluminum, millimeter ruler (Maquira 
Indústria de Produtos Odontológicos S.A, Maringá, PR, Brazil) and thus established the patent length of the 
canal. 
 
Ethical Aspects 
This study was approved by the Ethics and Research Committee (Protocol No. 31.230-010). Before to 
the treatment, parents and/or guardians were given a free and informed consent form authorizing the 
participation of the child in the research. The child was read the term of assent. 
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Results 
Measurements of 9 root canals of 7 deciduous teeth of children aged 3 to 5 years, with a median age of 
5 years, were evaluated. The following samples were used: 3 canals of tooth 84 of a child. The other teeth were: 
51, 52, 51,51, 61, and 51 with only 1 canal of each tooth of each child. The measurements obtained in each 
technique for each tooth are presented in Table 1. 
 
Table 1. Length found in each root canal. 
Tooth Number of Roots Tooth Length Tooth Length in Apex Locator 
84 03 D:8 / MB:10 /ML:10 D:10/ MB:9.5/ ML:10 
51 01 10.5 10 
52 01 8 8 
51 01 11 11 
51 01 11 9 
61 01 10 10 
51 01 10 9.5 
 
Table 2 shows the mean in millimeters of the values obtained in each of the techniques, the difference 
between these values and the standard deviation of each group. At the α=0.05 level, there was no significant 
statistical difference between the measurements obtained by the two techniques. 
 
Table 2. Mean and standard deviation for each technique. 
Method Used Mean (mm) SD p-value 
Conventional X-ray Measurements 9.83 1.12 0.641 
Apex Locator Measurements 9.67 0.83  
Difference 0.17 1.03  
 Interval (95% Confidence Rate) of Difference: (-0.626 to 0.959) 
 
Discussion 
The success of endodontic treatment in deciduous teeth can be directly influenced by the behaviour 
management of children, and for this, the dentist has to provide safety, comfort and agility during care to 
guarantee adequate compliance [3,4]. Another influencing factor in pediatric endodontics is root anatomy, 
which undergoes physiological reabsorption, which, in many cases, occurs irregularly. Often, these resorptions 
are not identified in radiographic examinations, leading to treatment failure [3,6,8,9]. 
The working length determination is a decisive step to avoid possible damage to the germ of the 
permanent successors and the periradicular tissues because it will avoid over instrumentation or treatment 
failures if the instrumentation is deficient [6,7]. Currently, the most used method to obtain the work lengths in 
pediatric dentistry are conventional radiographs. However, there are other methods like digital radiographs 
and apex locators [3]. The current work seeks to compare root length measurements obtained by the 
conventional radiographic technique and using apex locators. 
Limitations of the radiographic technique include image distortion, the interposition of adjacent 
structures and defects that occur during the acquisition and processing of radiographs. Besides, another 
limitation is anatomical variations in the root canals, caused by irregular resorptions, especially on the buccal 
or lingual surfaces of the root which are often not possible to be located on conventional radiographs, leading 
to insufficient or excessive instrumentation [9,13,29]. In this study, for the experimental group of 
conventional radiography we have chosen the parallelism technique, as it is the most reliable method in 
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determining the correct measurement of the patent length of the canal. However, due to the behaviour of the 
children during the radiographic examination, positioning and framing, errors of the studied region are 
relatively common, generating the need for repetition, clinical time loss and patient stress. In addition, some 
studies report that the use of this technique may suggest a variation in foramen position or in working length 
[30,31]. These factors may induce over-instrumentation and/or the overfilling of a deciduous tooth, damaging 
the permanent tooth [8,10,11,13,17,32]. 
The first report of the use of an apex locator in the deciduous dentition resulted in similar results 
compared to real teeth measurements and the X-Ray measurements were longer than to real teeth 
measurements [19]. Later studies also reported that apex locators in deciduous teeth could present 
measurements smaller than the actual canal length, detecting differences of up to 3 mm less. However, these 
same in vivo studies concluded that the use of locators in teeth with or without root resorption did not present 
differences [17,27]. This latter conclusion was also observed in the present study. On the other hand, contrary 
to what researchers observed in these in vivo studies, the current study concluded that the measurements 
demonstrated by the apex locator coincided with the length measured on the radiograph, and there were no 
statistically significant differences (p=0.641). 
The results of the present study are in accordance with a similar in vitro study that compared the use 
of conventional radiographs, digital radiographs and the apex locator to determine the working length of 
deciduous teeth. The authors concluded that the use of the apex locator and digital radiographs are considered 
safe and accurate methods. They also emphasize that the use of digital radiography is advantageous when 
compared to conventional radiographs in the endodontics of deciduous teeth, since, with the use of computers, 
an X-ray with better brightness, contrast and higher image quality can be obtained. In addition, it is much 
easier to perform repetition when the child's behaviour does not affect the execution of the test. Another 
advantage would be the elimination of the use of chemicals and less exposure of the child to radiation [14,33]. 
Despite these advantages, studies did not find significant differences between the conventional radiography 
method and digital radiography concerning to the measurements obtained [14]. 
In line with the findings of the present study, other in vivo and in vitro studies with locators in 
deciduous teeth, with or without root resorption, obtained results indicating that the use of these devices are 
painless and useful, and they may decrease clinical time and avoid unnecessary exposure to radiation. 
Therefore, the use of these devices is recommended in deciduous teeth [9,17,19,32,34-36]. In addition, it would 
be possible for use as a complementary technique to other methods, such as radiographic examination, as it is 
the initial examination for the diagnosis of the pulp condition and degree of rhizolysis and is indispensable for 
the decision making as to the best-recommended treatment [18]. 
Some studies have shown that even in the presence of irrigators, such as sodium hypochlorite or 
chlorhexidine, saline solution, anesthetic solution, pus and necrotic tissue, locators will still maintain their high 
level of precision [37,38]. However, to achieve this degree of precision, the operator needs to take into account 
the anatomy of the root canal, and always be aware of possible variations, such as resorption [24]. Considering 
the theoretical and practical skills required by the operators, in the present study, intra-examiner training and 
calibration were performed and reached very good results. 
Comparing the two methods, the apex locators can be considered as a good alternative to fill the 
limitations in using radiographs to obtain working length measurements [39]. The apex locator is fast, 
comfortable, painless, non-invasive and doesn’t expose the patient to ionizing radiation. However, there are 
still doubts as to whether the accuracy of apex locators can be affected by different types of electrolytes, 
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foramen size, pulp vitality and resorption. Small areas with resorption are difficult to identify in radiographic 
examinations, especially when this resorption occurs on the buccal and lingual surfaces. This can lead to 
interference in instrumentation and filling. In these cases, the locators may have a reading of the working 
length less than that found in radiographic examinations, through the contact of the file with the soft tissue of 
the resorption [9]. Thus, localizers can often broaden the scope of diagnostic possibilities, suggesting variables 
impossible to be imagined with only radiographic examinations. 
Although initial in vitro studies pointed out possible disadvantages of apex locators in deciduous teeth 
regarding smaller measurements than the actual length, other in vivo studies concluded that the use of locators 
in teeth with or without root resorption do not present differences [17,27], which is in agreement with the 
present research. Another study on the efficacy of locators in deciduous teeth with root resorption has shown 
that even with enlarged foramen, the conical shape of the canal is still preserved [10]. 
Frequently, because of the time of treatment in the chair, and the behavior of the child, the 
measurement of the Work Length is taken through the initial radiography, as was done in this study. Due to 
this, the results found also suggest the use of the apical locator as something more, to confirm the 
measurement of the radiographic examination and perhaps to help detect the presence of resorption, which are 
often more difficult to see in the radiograph. 
Despite the use of the locator having the advantage of not exposing the patients to the radiation 
released by the radiographic examination, among others, its use does not diminish the performance of the 
initial radiographic examination, which serves to provide a correct diagnosis, evaluate the level of root 
resorption and indicate the position of the deciduous tooth in relation to the germ of the successor tooth. 
In the present study, the measurements obtained by the apex locator and the conventional 
radiographic examinations did not show significant statistical differences. This result suggests that, in order to 
determine the patent length of the deciduous canal, the use of the apex locator can substitute the conventional 
radiography with advantages, although the radiographic examination is still used as a gold standard to 
determine the working length of deciduous teeth. 
 
Conclusion 
No statistically significant differences were observed between the measurements obtained using the 
Gnatus apex locator and the conventional radiographic examination. Thus, it was possible to conclude that the 
radiographic examinations can be substituted by the apex locator in the odontometric stage. 
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